Two very common groups of oxylipins formed in plants involve the conversion of fatty acid hydroperoxides, such as hydroperoxy-octadecatrienoic acid, into further metabolites by allene oxide synthase and hydroperoxide lyase. Both of these oxylipin branch pathways appear to be ubiquitous 
or nearly so in plants, but the relative activities of these two branches vary among plant species. In most plants examined, including Arabidopsis, product formation from either of these pathways is minimal until elicited by wounding or some other means, upon which products from both pathways, such as jasmonic acid and C, aldehydes and alcohols, can increase by orders of magnitude. In some plant species such as Artemisia and Jasminum spp. oxylipin product formation is heavily skewed towards allene oxide synthase products. Others such as watermelon (Citrullus lanatus) produce 1 0-fold higher amounts or more of hydroperoxide lyase than allene oxide synthase products. Arabidopsis and tobacco are intermediate between these extremes. Artemisia and Jasminum are also unusual in that they do not require wounding or other types of induction for high oxylipin product formation. Release of non-esterified fatty acids appears to be correlated with oxylipin formation, but phospholipase A, appears not to be involved with oxylipin production, at least in the case of Artemisia leaves.
Introduction
Oxylipins represent a wide range of oxygenated fatty acid derivatives with a number of functions in plants, particularly in defence reactions peroxides. T h e fatty acid hydroperoxides are commonly metabolized by allene oxide synthase (AOS) [ 2 4 ] and hydroperoxide lyase (HL) [S-71, but also by several other enzymes in plants, including divinyl ether synthase [S] and peroxygenase [9] . Some plant tissues such as leaves can contain both AOS and H L activity where they compete for utilization of substrate (see Scheme 1).
In many plant tissues such as leaves, linolenic acid is the most abundant substrate for LOX and the most common LOX product from linolenic acid is 13S-hydroperoxy-9(Z),ll(E),l S(2)-octadecatrienoic acid (1 3-HPOT). This isomer of 13-HPOT is the most common substrate for both AOS and H L . 13-HPOT is first metabolized to an unstable allene oxide by AOS, which is rapidly converted by allene oxide cyclase into 12-0x0-phytodienoic acid (1 2-0-PDA). This is frequently reduced and shortened by two carbons in three cycles into jasmonic acid. Many plant tissues convert jasmonic acid into methyl jasmonate and some convert it into jasmone [lo] . HL converts 13-HPOT into 12-oxo-(Z)-9-dodecenoic acid and 2-3-hexenal, both of which are frequently isomerized to 12-oxo-(E)-lO-dodecenoic acid and E-2-hexenal. In most plant tissues, AOS, H L or LOX products are not formed to any appreciable extent until the pathway is ' turned on ' by wounding or some other elicitation event. Some plants can produce appreciable amounts of AOS products without wounding or other elicitation, including some Artemisia [ l l ] and Jasminum [lo] species. In prior surveys we have found that Artemisia tridentata spp. vaseyana and Jasminum offieinale were the highest AOS product formers examined among species/subspecies of the Artemisia and Jasminum genera [12] .
The regulation of oxylipin formation is not well understood. It is thought that release of polyunsaturated fatty acids, such as linolenic acid, making them available for LOX-catalysed peroxidation, initiates the process, at least in some cases. In these studies oxylipin product formation in plants with widely differing levels of the AOS and HL branch pathways, and the relationship of linolenic acid release from phospholipids with relative oxylipin levels were examined.
Experimental
Watermelon and Artemisia plants were grown outdoors in May to September in Lexington, KY, U.S.A., tobacco and jasmine were grown in a greenhouse and Arabidopsis was grown indoors under fluorescent light. Flower petals of jasmine and leaves of the other species were the tissues collected for oxylipin quantification. Wounding was imposed by clamping with a hemostat to the second notch, in the case of Artemisia and tobacco, and by tissue maceration for Arabidopsis and watermelon.
Oxylipins were extracted from the tissues in 80 7' methanol and partially purified on C,, SPE columns prior to quantification by G C or GC-MS. T h e summation of total C, aldehydes formed was used as a measure of H L product formation as they are formed in stochiometric ratios as the 12-0x0-dodecenoic product. AOS products examined were 12-0-PDA, jasmonic acid, methyl jasmonate and jasmone (the latter compound is only found in jasmine flower petals . Jasmine flower petals are also very high endogenous producers of AOS products when examined in midnight-collected petals, which have as much as 20-fold more AOS product formation than petals collected at noon. T h e effect of wounding on oxylipin levels in jasmine petals was not examined. Watermelon has been reported as a very high C, aldehyde producer [S], consistent with our results when endogenous free linolenic acid was supplied ( Figure 1A) . A . tridentata spp. vaseyana and J . oficinale were the highest producers of AOS products (Figure lB) , again consistent with literature reports for these genera at least [10, 14] . C, aldehydes were not detectable from headspace samples from jasmine petals but were not examined from tissue extracts.
Addition of free linolenic acid greatly increased oxylipin product formation in Arabidopsis, 
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Linolenic acid addition increased 12-0-PDA levels more than 30-fold in watermelon and more than 1 00-fold in Arabidopsis. Endogenous free linolenic acid levels were approx. 5-fold the levels of AOS products formed on a molar basis in Artemisia leaves, suggesting that release of linolenic acid does not need to be 'switched on' by wounding or other elicitation for high oxylipin formation to occur. High free linolenic acid, sufficient to fuel oxylipin formation, was also found in jasmine petals. Several experiments indicate that phospholipase A, is not the major source of free linolenic acid used in oxylipin product formation. For example, Arabidopsis had similar in vivo phospholipase A, activity as Artemisia despite much lower AOS product levels. Wounding did not change in vivo phospholipase activity in Arabidopsis unlike the large increase in oxylipin formation caused by wounding. Additionally, phospholipase A, activity was not found to be higher at times when oxylipin production from jasmine petals was maximal. Phospholipase A, activity can be induced by wounding in some plant tissues such as tomatoes [15].
